INTRODUCTION
============

Morbidity and mortality of motor vehicle collisions play an important role in public health in industrialized countries, hence, efforts must aim at their prevention and care of the victims.[@b1-cln_66p21] A total of 383,371 traffic accidents with victims occurred in Brazil during 2005; 7% of the victims died. Of those dying, death occurred at the scene in 93% and some days after the event in 7%. Collisions were the main trauma mechanism (53.5%), followed by accidents involving pedestrians (17.5%).[@b2-cln_66p21] The impact of motor collisions on society may be underestimated, as young and economically productive people die or have permanent sequelae that generate high costs for the National System of Health.[@b3-cln_66p21]

Although the number of entrapped victims is small, they have severe injuries that demand specific equipment and trained personnel during the prehospital phase of care, and such care is expensive. In São Paulo, Brazil, a single firemen headquarters regulate the dispatch of prehospital units and cared for about 12,000 motor collisions victims in 2003---of whom, 604 were entrapped.

Victims are considered to be entrapped when they cannot leave the vehicle because parts of the body or the whole body is confined in the distorted vehicle after the impact. Such a situation requires special extrication procedures. Deformity of the vehicle may be complete, when the vehicle structure is damaged, or relative, when the victim is entrapped by safety devices (security bars, seat belt, etc), or when they are confined in the vehicle because a door or window is blocked.[@b4-cln_66p21]-[@b6-cln_66p21]

Triage and rapid assessment of trauma severity is essential to assure that the resources required will be available during the prehospital and hospital phases of care, and for prediction of outcome.

The importance of evaluating the trauma severity and mortality of entrapped victims is essential to appreciate the violence involved in such accidents, and hence properly design the appropriate treatment.

OBJECTIVE
=========

To examine the severity of trauma in entrapped victims and to identify risk factors for mortality and morbidity of this group of patients treated by the prehospital team in São Paulo, Brazil.

METHODS
=======

São Paulo has 17 million inhabitants and the firemen headquarters receives about 5,000 calls a day, which leads to 450 dispatches a day. Whenever an accident is categorized as a collision with an entrapped victim, a group of units is dispatched; these include one unit with special devices for extrication, a basic unit (three firemen) and an advanced life support unit (a doctor, a nurse and a firemen). A transverse case--control retrospective study was designed, comparing 1203 victims of motor vehicle collisions, divided into two groups of patients: entrapped and non‐entrapped victims, treated by the prehospital service of São Paulo, Brazil, from 2002 to 2003. A control group for each entrapped victim was formed from the non‐entrapped victim immediately before, and immediately after, the entrapped victim. Data were collected from the Firemen Operation Control Center and from the Legal Medicine Institute from São Paulo, Brazil. Only drivers (aged ≥18 years) who were involved in motor vehicle collisions with small and medium‐sized vehicles were included in the study. The following collisions were excluded: motor vehicle collisions outside the metropolitan area of the city of São Paulo, collisions involving larger vehicles (buses or trucks), pedestrians who were impaled on the vehicle, collisions involving motorcycles and bicycles, collisions with more than one entrapped victim, collisions in which the entrapped victim was not the driver, drivers aged \<18 years.

Sex, age, mortality rates, Glasgow Coma Scale (GCS), Revised Trauma Score (RTS), presence of signs of shock, corporal segments, timing of the prehospital care, type of ambulance and hospital as final destination were compared between the groups.

For the severity score, RTS ≥7 was classified as mild, 5--6 as moderate or 0--4 as severe. GCS was mild, moderate or severe according to the Advance Trauma Life Support standards. Victims were classified in two groups: those with shock signs (pulse \>100 bpm and systolic blood pressure \<90 mmHg) and those with no such signs (pulse \<100 bpm and systolic blood pressure \>90 mmHg).

The following anatomic regions were considered for analysis: head, face, neck, shoulders and arms, thorax, abdomen, pelvis and/or legs.

Mortality was analyzed until 30 days after the traumatic event, and was divided into immediate (at the scene) and subsequent mortality up until the 30th day.

The final destination was classified as primary, secondary and tertiary hospitals (in Brazil, tertiary hospitals correspond to trauma centers).

The results were analysed by χ^2^, Zres, analysis of variance and Bonferroni tests.

RESULTS
=======

Of the initial total of 1233 victims, 10 were excluded together with their controls owing to a lack of information---a total of 30 victims, 2.4% of the sample. Thus 1203 victims were included in the study comprising 401 entrapped (32.5%) and 802 non‐entrapped victims (65.1%). [Table 1](#t1-cln_66p21){ref-type="table"} summarizes the gender and age of both groups. Mal victims were more common (76.9%), with a ratio of men:women of 3.33:1. Age varied from 18 to 93 years, median 32 (± 13.1) years, and the predominant age group was 18--23 years (29.3%). The overall mortality was 4.9%, being 4.3% at the scene and 0.7% subsequently up to 30 days. Entrapped victims died more frequently at the scene than non‐entrapped ones (10.2% vs 1.37%) and also after 30 days (1.5% vs 0.25%). The profile of the entrapped victims was: male (84.8%), aged 23--30 years, immediate mortality of 10.2% and overall mortality of 11.7%. They had an 8.2 times greater probability of death at the scene than non‐entrapped victims. The mortality of non‐entrapped victims was 1.6% (p\<0.001) ([Table 2](#t2-cln_66p21){ref-type="table"}). Pelvis, legs and head were the corporal segments mainly injured in entrapped victims who survived. The number of injured segments was greater in the entrapped group than in non‐entrapped victims (37.4% vs 5.9%) ([Tables 2](#t2-cln_66p21){ref-type="table"} and [3](#t3-cln_66p21){ref-type="table"}). Motor vehicle collisions with entrapped victims were more common in the peripheral north and east zones of São Paulo. Entrapped victims were more commonly transported in advanced support units and to tertiary hospitals. Hemorrhag was the major cause of death for entrapped victims (45.2%), whereas head trauma was the major cause for non‐entrapped victims ([Table 3](#t3-cln_66p21){ref-type="table"}). Entrapped victims who survived had a severe GCS in 18.7% (OR = 10.62), severe RTS in 12% (OR = 9.78) and 23.7% were in shock (OR = 3.38), compared with shock in 9.5% of non‐entrapped victims. Thus, entrapped victims had a 3.4 times greater probability of having shock than non‐entrapped ones (Table 4).

Length of time at the scene was greater in the entrapped group (median 27.3±16.3 min) than in the non‐entrapped group (median 16.6±14 min) (p\<0.001). Entrapped victims were more commonly transported by advanced support units (24.7%) and helicopter (3%) than non‐entrapped ones (2%).

DISCUSSION
==========

The reasons for the appalling numbers of collisions in the city are lack of city planning and lack of preventive actions---such as, education and severe traffic laws, maintenance of safe roads and streets and of the vehicles themselves. Unfortunately, the numbers continue to increase, but the prehospital capacity to care for these victims reached a plateau during the past 4 years. Attempts have been made to increase the prehospital capacity using motorcycles to cut through the heavy traffic in order to reach the victims rapidly, but trauma victims need to be properly immobilized and transported in ambulances; however, the use of motorcycles can be useful to reach the victims of a heart attack more quickly.

The numbers of accidents in the city of São Paulo demonstrate the need for good databases for trauma in the city, including the prehospital and hospital phases, and also to record the sequelae and impact of preventive actions. Continuous monitoring of the data is needed so that the actions and protocols can be adapted as necessary.

Entrapped victims have more severe trauma and multiple injuries, which may be worsened by the extrication procedures. Thus, the personnel involved must have proper training in order to minimize complications.[@b4-cln_66p21],[@b7-cln_66p21] This study shows a significant difference in the mortality rates of entrapped victims (11.7%) compared with non‐entrapped ones (1.6%). They have an 8.2 times greater probability of death at the scene than those who are not entrapped. Such findings indicate that a proper strategy for diagnosis and treatment is needed, in order to enhance survival and minimize morbidity, which is the target of the prehospital phase. The mortality of non‐entrapped victims in this series was lower than mortality rates reported in the literature (4--45%),[@b8-cln_66p21],[@b9-cln_66p21] probably because our studies do not refer to the kinetics of trauma, or to other variables involved in the event.

Olson et al.[@b10-cln_66p21] and Sauai et al.[@b11-cln_66p21] studied the impact of prehospital care in trauma victims and concluded that the kinetics and causes of death were similar, but that the late mortality due to head trauma increased. Another interesting finding was that there has been a shift in the three peaks of mortality previously described. Our findings show that entrapped victims follow the previous pattern described by Trunkey et al. in 1977, with greater mortality in the prehospital phas.

It is essential to assess the severity of the victim's injuries, so that the necessary procedures and treatment can be implemented rapidly, thus reducing morbidity and mortality. Traffic education, the use of security devices other than the seat belt and salvage procedures must be reviewed to achieve this aim.[@b2-cln_66p21],[@b12-cln_66p21]

Many studies in many countries have used different severity scores and obtained divergent results owing to the variations in populations and methods used during the prehospital phase of care.[@b3-cln_66p21],[@b4-cln_66p21],[@b13-cln_66p21]-[@b18-cln_66p21] Our study separated the entrapped victims from other collision victims, aiming to examine the severity, in order to offer specific tools in the prehospital phase. The severity scores analyzed showed that entrapped victims have more frequent severe (10 times more) and moderate scores than non‐entrapped subjects, although there are limitations and disagreements about the anatomic and physiologic trauma scores for triage and survival evaluation, owing to population differences, type of trauma and type of prehospital system of care.[@b19-cln_66p21]-[@b22-cln_66p21] Because entrapped victims have a different degree of trauma severity, requiring greater times at the scene, further studies are necessary to verify the sensitivity, specificity and reliability of trauma scores in such situations. We suggest that time should be incorporated in the scores of entrapped victims, so that severity and mortality can be better analyzed. This score could be useful in determining the best timing for invasive procedures during extrication, without making the situation worse.

Blood pressure is a well‐known parameter in emergency care, both in prehospital and hospital scenarios. Dove et al. studied 3000 trauma victims and observed that 50% of them presented shock signs at admission, and of the 108 fatalities, 80% had shock signs before entering the emergency room.[@b21-cln_66p21]-[@b23-cln_66p21] For this reason we studied this parameter in the entrapped group, during the prehospital care. Our results show that entrapped victims have a 3 times greater chance of having shock signs, which is directly related to severity and timing. So, entrapped victims presenting shock must be dealt with effectively, using advanced support procedures and rapid extrication maneuvers, to reduce the scene time and guarantee rapid transportation to the appropriate hospital facility.

The anatomic distribution of injuries tends to relate to the vulnerability of each segment of the body, as well as to the type of event.[@b11-cln_66p21],[@b24-cln_66p21],[@b25-cln_66p21] The vulnerability of various segments of entrapped victims enhances the need for careful primary and secondary examinations, and, in particular, constant and multisystemic reassessment, so that early management of injuries can be accomplished.

Necropsy findings showed that non‐entrapped victims died owing to head trauma, and entrapped victims owing to hemorrhage, confirming the hypothesis of greater impairment of segments other than the head. Further studies are needed to provide details about the sources of hemorrhage, so that new guidelines can be designed for its treatment (conservative or surgical treatment to control bleeding) during the prehospital care period.

Although the protection afforded by seat belts is limited, their use in reducing mortality is obvious. It prevents the victim from being ejected from the vehicle and reduces the impact of the body against the internal parts of the vehicle. Our study did not examine the use of this safety device, but the limited protection offered by the seat belt may explain why entrapped victims had the anatomic injury distribution reported and also greater trauma severity. This fact emphasizes the need for better traffic policies, including the requirement by law of other security devices (airbags, protection bars) and not as optional devices in vehicles, as they are at present.

CONCLUSIONS
===========

In conclusion, the majority of entrapped victims cared for by the prehospital system in São Paulo are young, male, and had a greater chance of either dying at the scene or having severe injuries than non‐entrapped ones. Prospective studies are needed to guide the implementation of emergency systems and protocols of treatment for the prehospital care of such victims.

###### 

Motor vehicle collision victims (n = 1203), entrapped (E) and non‐entrapped (NE), according to gender and age. São Paulo, 2002/2003.

                Group                                   
  ------------- ------- ------------ ----- ------------ -------------
  Sex                                                   
   Male         340     84.8         585   72.9         **\<0.001**
   Female       61      15.2         217   27.1         
  Age (years)                                           0.028
   18--23       102     25.4         250   31.2 (2.1)   
   23--30       131     32.7 (2.7)   202   25.2         
   30--40       88      21.9         172   21.4         
   \>40         80      20.0         178   22.2         
  Total         401     100          802   100          

###### 

Motor vehicle collision victims (n = 1203), entrapped (E) and non‐entrapped (NE): mortality and number of injured segments. São Paulo, 2002/2003.

                               Group                                                   
  ---------------------------- ------- ------- ----- ------ ------------- ----- ------ -------
  Deaths                                                                               
   Non‐fatal                   354     88.27   789   98.5                              
   At the scene                41      10.22   11    1.37   \<0.001       8.2   4.2    16.1
   Until 30 days               6       1.49    2     0.25                              
  Number of injured segments                                                           
   1                           251     62.6    755   94.1   **\<0.001**   9.6   6.72   13.72
   \>1                         150     37.4    47    5.9                               
  Total                        401     100     802   100                               

###### 

Motor vehicle collision victims (n =  40), entrapped (E) and non‐entrapped (NE), according to injured segments, type of injuries and causes of death. Legal Medical Institute, São Paulo, 2002/2003.

                           E     NE                                           
  ------------------------ ----- ------------ ------ ------------ ----------- -----------
  Head                     Yes   21           67.7   8            88.9        0.399
  No                       10    32.3         1      11.1                     
  Face                     Yes   29           93.5   9            100         \>0.999
  No                       2     6.5                 0                        
  Neck                     Yes   28           90.3   7            77.8        0.311
  No                       3     9.7          2      22.2                     
  Arms and shoulders       Yes   16           51.6   9            100         **0.015**
  No                       15    48.4                0                        
  Thorax                   Yes   14           45.2   7            77.8        0.133
  No                       17    54.8         2      22.2                     
  Abdomen                  Yes   25           80.6   7            77.8        \>0.999
  No                       6     19.4         2      22.2                     
  Pelvis and legs          Yes   16           51.6   3            33.3        0.457
  No                       15    48.4         6      66.7                     
  **Types of injuries**                                                       
  Bruises                  2     6.5          4      44.4 (2.8)               
  Wounds                   6     19.4         3      33.3         **0.006**   
  Fractures                23    74.2 (2.8)   2      22.2                     
  **Causes of death**                                                         
  Head injury              8     25.8         4      44.4         0.561       
  Hemorrhage               14    45.2         3      33.3                     
  Head injury+hemorrhage   9     29.0         2      22.2                     
  Total                    31    100          9      100                      

###### 

Motor vehicle collision victims (n = 1203), entrapped (E) and non‐entrapped (NE): RTS, GCS and shock signs. São Paulo, 2002/2003

                   Group                                                                  
  ---------------- ------- ------------- ----- ------------- ------------- ------- ------ -------
  GCS                                                                                     
   Severe          75      18.7 (10.2)   17    2.1           **\<0.001**   10.62   6.18   18.27
   Moderate        33      8.2 (3.0)     33    4.1                                        
   Mild            293     73.1          752   93.8 (10)                                  
  RTS                                                                                     
   Severe          48      12.0 (8.0)    11    1.4           **\<0.001**   9.78    5.02   19.05
   Moderate        43      10.7 (6.8)    15    1.9                                        
   Mild            310     77.3          776   96.8 (10.7)                                
  Signs of shock                                                                          
   Absent          265     66.1          715   89.3 (9.8)    **\<0.001**   3.38    2.71   4.41
   Present         95      23.7 (6.7)    76    9.5                                        
  Total            401     100           802   100                                        

GCS  =  Glasgow Coma Scale; RTS  =  Revised Trauma Score.
